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(57) ABSTRACT

A method for attaching a split ring electrode to a catheter tip
section includes providing a tubing with a lumen and an
opening in the tubing side wall, passing an electrode lead wire
through the opening, and wrapping the lead wire around the
tubing. A split ring electrode is mounted on the tubing over
the wrapped lead wire and opening, with electrically-conduc-
tive thermoplastic elastomeric adhesive applied between the
ring electrode and the outer surface of the tubing, and
reheated to reflow.
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1
METHOD FOR MAKING A LOW OHMIC
PRESSURE-CONTACT ELECTRICAL
CONNECTION BETWEEN SPLIT RING
ELECTRODE AND LEAD WIRE

FIELD OF INVENTION

This invention relates to electrophysiology catheters and,
in particular, to an improved method for attaching ring elec-
trodes to the tip section of an electrophysiology catheter shaft.

BACKGROUND OF INVENTION

Electrophysiology catheters have been in common use in
medical practice for many years. They are used to map and
stimulate electrical activity in the heart and to ablate sites of
aberrant electrical activity. Among the various types of elec-
trodes used in constructing electrophysiology catheters are
ring electrodes. These are metal rings positioned at various
intervals along the length of the tip section. The ring elec-
trodes are electrically connected, via electrode lead wires
which extend through a lumen in the catheter, to electrical
instruments, e.g., a monitor, stimulator or source of energy,
e.g., RF energy, for ablation.

A conventional method for making the electrical connec-
tion between an electrode lead wire and a ring electrode is to
draw the electric lead wire out of a lumen in the tip section
through an exit hole that extends from the lumen to the side
surface of the shaft of the catheter tip. The distal end of the
electrode lead wire, stripped of any non-conductive coating,
is then welded or soldered onto the inner surface of a ring
electrode. The ring electrode is then slipped over the tip shaft
to a position directly over the exit hole while drawing the
electrode lead wire back into the lumen. The ring electrode is
then secured in place, e.g., by swaging or by the application of
an appropriate adhesive. A resin, e.g., polyurethane resin, is
often applied to the margins or edges of the ring electrode to
assure a smooth transition between the outer circumferential
surface of the ring electrode and the outer circumferential
surface of the catheter shaft.

Conventional methods for mounting ring electrodes on a
catheter have certain drawbacks. For example, because the
electrode lead wire must be drawn back into the lumen of the
catheter tip section as the ring is slipped over the shaft of the
tip section, the exit hole cannot be sealed and visually
inspected before the ring electrode is swaged or glued over
the exit hole. Further, the ring electrode must have a suffi-
ciently larger diameter than that of the shaft of the catheter tip
to slide over the shaft to its final position. Stretching the shaft
of' the tip section to reduce its diameter is one technique that
allows the use of a closer fitting ring electrode. This tech-
nique, however, is operator dependent and tends to lead to
inconsistent quality in the placement of the ring electrode on
the shaft. Further, ring electrodes mounted by the conven-
tional method tend to “pull away” from the shaft of the tip
section, i.e., the edge of the ring electrode tends to separate
from the surface of the catheter tip shaft along the outside of
the curve, during tight bending of the tip section.

Other methods include laser welding, for example, laser
melting through a ring electrode to create a laser-welded low
ohmic electrical connection to a lead wire. Laser welding
however relies on accurate location of the lead wire under the
ring electrode during welding. Like conventional resistance
welding of ring electrodes, laser welding is manual labor
intensive and time-consuming operation that is prone to elec-
trical defects due to improper workmanship methods. More-
over, since catheter tubing is pierced with holes to pass the
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lead wire from a lumen to outside the tubing, the holes must
be made fluid tight after ring placement over the tubing.

Another method is disclosed in US Publication 2005/
0097737 Al. Therein, a ring electrode with a flared skirt is
swaged to reduce its inner and outer diameter so that it is
tightly secured to a tip shaft and makes sufficient pressure
contact with underlying electrode lead wire to provide a low
ohmic connection. Although the process eliminates ring
resistance welding, the low ohmic connections may not be
stable long term due to the tendency for stress relaxation of
the tubing elastomeric material.

For these and other reasons, there is a need to find a method
for attaching ring electrodes to the shaft of the catheter tip
section that is less costly, more efficient and does not exhibit
the above mentioned drawbacks and disadvantages of the
conventional method.

SUMMARY OF THE INVENTION

The present invention provides a method for attaching a
ring electrode to the tubing of a catheter tip section. The
method comprises providing a tubing with at least one lumen,
a side wall and at least one opening in the side wall providing
communication between the lumen and outside the tubing. An
electrode lead wire is passed through the lumen and out of the
opening to expose a distal portion of the electrode lead wire
which is positioned or wrapped around on an outer surface of
the tubing. A split ring electrode is on the outer surface of the
tubing covering the opening and the distal portion of the lead
wire, with an electrically-conductive adhesive being provided
between the ring electrode and the outer surface of the tubing.

In one embodiment, the electrically-conductive thermo-
plastic elastomeric adhesive is applied as a film on an inner
surface of the split ring electrode before mounting on the
outer surface of the tubing.

In another embodiment, the electrically-conductive adhe-
sive is applied onto the outer surface of the tubing, covering
the opening and at least a portion of the distal portion of the
lead wire before mounting the split ring electrode.

In a detailed embodiment, the ring electrode comprises a
platinum alloy, for example, an alloy comprising platinum
and at least one from the group consisting of iridium, palla-
dium and copper. In a more detailed embodiment, the plati-
num alloy comprises about 90% platinum.

In a detailed embodiment, the lead wire comprises, stain-
less steel, copper and/or nickel alloy. The lead wire may
comprise a coating of silver, for example a silver flash coating
with a thickness ranging between about 20-30 microns. The
lead wire may have a diameter ranging between about 0.002
inch and 0.005 inch, and preferably between about 0.002 inch
and 0.003 inch. The distal portion of the electrode lead wire
may be wrapped about two full turns distally on an outer
surface of the tubing.

In a detailed embodiment, the electrically-conductive
adhesive comprises an electrically-conductive phase change
thermal bonding adhesive, and the method of the present
invention includes heating the electrically-conductive adhe-
sive to reflow.

In a detailed embodiment, the split ring electrode has a
width ranging between about 1.0 and 3.0 mm and a thickness
between 0.001-0.003 inches. The split ring electrode may be
constructed of a low cost copper or brass 260 base material
with an outer coating of gold, platinum or palladium to pre-
vent oxidization. The thickness of the coating may range
between about 10 and 50 microns, and preferably between
about 20 and 40 microns.
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The method of the present invention may include using a
split die assembly with a first and second heated forming die
members utilized to radially compress the split ring electrode
onto the outer surface of the tubing. Heat may be applied
during radial compression to melt the electrically-conductive
phase change thermal bonding adhesive so it bonds to both
the tubing surface and the lead wires.

The method of the present invention provides many advan-
tages including the following:

1) Much smaller tensile strength lead wires can be used
because the wire resistance per unit length is reduced
due to a highly conductive (electrically) silver plated
outer coating. This allows fitting more lead wires per
lumen fixed cross sectional area. Thus higher density
electrodes and/or smaller tip French sizes may be uti-
lized with this design.

2) Micro-silver particles in the electrically-conductive
adhesive and the silver flash coating on stainless steel,
copper or nickel alloy lead wires create a flexible low
ohmic electrical connection regardless if silver has oxi-
dized on the lead wires or in the coating. The adhesive is
an elastomer so it remains flexible as with the tip section
tubing. When the catheter tip section is deflected, no
stress is built up between the elastomeric adhesive inter-
face and the tip material and split ring electrode.

3) A unique characteristic of thermal bonding adhesive is
its ability to be easily reworked. Merely heating the
adhesive past its phase-change temperature (about 250°
F.) allows a mounted split ring electrode to be removed
or replaced. The adhesive can be heated past its
phase=change temperature numerous times allowing for
multiple re-works/repairs as necessary. Catheters with
failed split ring electrode electrical connection can be
repaired without being discarded.

4) Multiple hot melt adhesive coated split rings electrodes
can be mounted in a one-step 50 second thermal bonding
process. The requirement to slip on a full ring electrode
and slide into place on the tubing is eliminated.

5) Method of invention facilitates manufacture of high-
density ring eclectrode catheters where the lead wire
diameter is minimized by plating with conductive silver
to reduce catheter French size. Silver is one of the most
electrically conductive elements even when oxidized.
Thus the addition of silver plating on the outside ofa low
conductivity wire greatly reduces the wire’s resistance
per unit length.

6) Reflow temperature of electrically conductive thermal
bonding adhesive can be adjusted depending on formu-
lation and material melt temperature of tubing for opti-
mizing adhesive bonding and provide ring electrodes
that are partially embedded in the tubing material so the
ring electrodes are flush with the outer surface of the
tubing.

7) Split ring electrodes may be die cut from a large sheet of
material and thus they are more economical to manufac-
ture than full ring electrodes.

8) Thermal bonding adhesive and tubing material are both
elastomers with similar mechanical properties. During
heating and cooling cycles, both have similar expansion
coefficients and thus grow and shrink comparably thus
maintaining a consistent low ohmic electrical connec-
tion.

9) The reflow process of the thermal bonding adhesive
makes each split ring electrode self-sealing at the lead
wire exit hole.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other features and advantages of the present
invention will be better understood by reference to the fol-
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4

lowing detailed description when considered in conjunction
with the accompanying drawings wherein:

FIG.1is aside, exploded view of a portion of a catheter tip
section with an exit hole and an electrode lead wire extending
out of the exit hole, and a split ring electrode, in accordance
with an embodiment of the present invention.

FIG. 2A is a side view of a catheter tip section with a
mounted split ring electrode partially broken away, in accor-
dance with an embodiment of the present invention.

FIG. 2B is a side view of the catheter tip of FIG. 2A, with
no parts broken away.

FIG. 2C is an end cross-sectional view of the catheter tip
section of FIG. 2A, taken along line C-C.

FIG. 2D is an end cross-sectional view of a catheter tip
section with a multi-lumened tubing, in accordance with an
embodiment of the present invention.

FIG. 3A is an opposing side view of the catheter tip section
of FIG. 2A, with the mounted split ring electrode partially
broken away.

FIG. 3B isaside view of the catheter tip section of FIG. 3A,
with no parts broken away.

FIG. 4 is a perspective view of an split ring electrode in its
initial form prior to mounting.

FIG. 5 is a schematic perspective view of a die assembly in
use on one embodiment of a catheter tip section in accordance
with a feature of the present invention.

FIG. 6 is a schematic perspective view of a dispensing
needle applying adhesive to a catheter tip section in accor-
dance with an embodiment of the present invention.

FIG. 7 is a side view of the catheter tip section of FIG. 6
prepared for mounting of split ring electrodes.

FIG. 8 is a schematic perspective view of a die assembly in
use on another embodiment of a catheter tip section in accor-
dance with the present invention.

DETAILED DESCRIPTION OF THE INVENTION

In accordance with the present invention, there is provided
an improved method for attaching a split ring electrode to a
catheter shaft for making a low ohmic connection to an elec-
trode lead wire using an electrically-conductive adhesive,
including an electrically-conductive phase-change thermal
bonding adhesive. The method is applicable to catheters of
any size and only requires that the body to which the split ring
electrode is attached has a generally circular cross-section
and at least one lumen therethrough for passage of an elec-
trode lead wire.

The method comprises first providing a distal tip section of
a catheter having at least one lumen extending longitudinally
through at least a portion of the tip section. The tip section
may be the distal portion of an integral, elongated catheter
body or may be a separate structure that is attached to the
distal end of the catheter body as is well known in the art. See,
for example, U.S. Pat. No. 6,171,277, which is incorporated
herein by reference. The catheter body and tip section may be
made of any material suitable for use in the construction of
electrophysiology catheters. Polyurethane is an example of a
suitable material.

With reference to FIGS. 1 and 2A-2C, a tubing or shaft 10
of'the distal tip section comprises a lumen 12 and a small exit
hole 14 that extends between the lumen 12 and the outer side
surface of the tubing 10. The size of the exit hole 14 is not
critical and can be formed, for example, by inserting a needle
through the wall of the tubing 10 and heating the needle
sufficiently to form a permanent hole. Such an exit hole is
sufficiently large to enable an electrode lead wire 16 to be
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pulled through the hole, e.g., by a microhook or the like, and
yet sufficiently small to be easily sealed.

The electrode lead wire 16 is pulled through the lumen 12
of'the tip section 10 and out of the exit hole 14. The length of
the electrode lead wire 16 that extends out of the exit hole 14
is not critical, but is sufficient to allow the electrode lead wire
16 to be wrapped around the tubing 10 of the tip section 10 a
desired number of turn(s). The electrode lead wire 16 may be
made of any suitable, preferably non-oxidizing, material and
may have any suitable diameter. In one embodiment, the
electrode lead wire is about 0.002 inch diameter wire of
stainless steel, copper and/or a nickel alloy, for example, a
nickel alloy comprising up to about 67% nickel, with the
remainder being copper, iron and/or other trace elements. A
suitable nickel alloy is MONEL 400 binary alloy of equal
proportions of nickel and copper, available from Special Met-
als Corporation of New Hartford, N.Y. In a preferred embodi-
ment, a MONEL 400 lead wire has a flash coating of silver of
a thickness ranging between about 20-30 microns.

The portion of the electrode lead wire 16 that extends out of
the exit hole 14 is stripped of insulation and wrapped around
the tubing 10. A particularly preferred wrapping technique is
shown in FIG. 1. In this technique, the electrode lead wire 16
extending from the exit hole 14 is wrapped around the tubing
10 in one direction for two full turns, with the two turns
proceeding in a distal direction. The free end of the electrode
lead wire 16 is passed under the two wraps in a clove hitch
arrangement, as shown. After wrapping, the free end of the
electrode lead wire 16 is pulled to eliminate any slack in the
wraps. Distal end of the lead wire 16 is trimmed adjacent to
the lead wire wrap.

With additional reference to FIGS. 3A and 3B, a split ring
electrode 22 is provided which has an inner diameter slightly
greater than the outer diameter of the tubing 10 to allow it to
be slipped over the tubing 10 to a location over the wrapped
electrode lead wire 16 and exit hole 14. For example, if the
tubing 10 has an outer diameter 0£0.084 inch, a ring electrode
22 having an inner diameter of 0.085 inch is preferred.

As shown in F1G. 4, the ring electrode 22 is formed from an
elongated rectangular planar piece of material 25 with an
outer surface 24 and an inner surface 26 an two opposing ends
27. The ring electrode may be made of any suitable conduc-
tive, preferably non-oxidizing, material. One preferred mate-
rial is a platinum-based alloy including iridium and/or palla-
dium. In one embodiment, the alloy includes about 90%
platinum, with the remainder being iridium and/or palladium.
The alloy has a width ranging between about 1.0 and 3.0 mm.
If a non-noble metal is used as the base material (copper or
brass 260) for the split ring electrode, a plating 47 of gold or
palladium with a thickness ranging between about 10 and 40
microns is provided on the inner and outer surfaces 24 and 26.
Polyurethane adhesive may be used to coat and seal both
distal and proximal circumferential edges 31D and 31P (FIG.
4).

On the inner surface 26 the ring electrode 22 has a coating
of an electrically-conductive adhesive 17, including an elec-
trically-conductive-phase-change thermal bonding adhesive
in film form 28. A suitable adhesive is FASTELEK available
from Fastel Adhesives, San Clemente, Calif. FASTELEK is
an electrically conductive EVA-based solvent free (metallic
filled) adhesive that is available as a film and designed to
provide low resistance electrical conductivity, uniform adhe-
sion and sealing across a desired material interface.
FASTELEK is available in multiple fillers (silver, nickel or
gold), thicknesses and phase-change (melt point) tempera-
tures. FASTELEK is an elastomeric adhesive with about a
shore 80-90 A hardness and 150% tensile elongation before
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failure and is designed to adhere strongly to a wide range of
metals, plastics and elastomers.

The ring electrode 22 is positioned over the wrapped lead
wire 16 with the outer surface 24 facing away from the tubing
10 and the thermal bonding adhesive film 28 facing the
wrapped lead wire 16, with a length dimension of the ring
electrode generally perpendicular to the longitudinal axis of
the tubing 10. Heat and a circumferentially-compressive
force are applied to wrap, adhere, mount and electrically
connect the ring electrode 22 around the tubing 10. The ring
electrode 22 covers the wrapped lead wire 16 with the
wrapped lead wire being generally centered under the ring
electrode. Mounted on the tubing 10, the ring electrode
adopts a C cross-sectional shape with the ends 27 approach-
ing each other around the tubing 10 forming a split or gap 29
in the C-shape. Notably, the ring electrode 22 is oriented on
the tubing 10 such that the split 29 avoids the exit hole 14
where the lead wire 16 exits the lumen 12. In the illustrated
embodiment, the split 29 and the exit hole 14 are diametri-
cally opposite of each other.

With the application of heat, the thermal bonding adhesive
film 28 begins its controlled flow when cycled past its phase-
change temperature and bonds to the silver flash-plated lead
wire 16 under the ring electrode 22 and filling in and adjusting
any microscopic surface conditions or irregularities that may
exist on the outer surface of the tubing 10. As such, the
adhesive film 28 reflows to seal voids and air gaps between the
ring electrode 22 and outer surface of the tubing 10, including
the hole 14 sealing it and protecting the lumen 12 from con-
tamination that can otherwise enter the lumen 12 through the
hole 14. The adhesive film 28 also reflows to seal circumfer-
ential edges on distal and proximal edges 31D and 31P of the
ring electrode 22. The adhesive film 28 further flows into the
gap 29 thereby sealing transverse edges at ends 27.

The film 28 may be produced by heating the adhesive to
flow onto a large sheet of foil, with a thickness of 0.0007 inch,
and die cut from the large sheet of foil. During the mounting
of'the split ring electrode 22 to the tube 10, the adhesive film
28 is reheated for reflowing to attach it to the tubing and lead
wire.

As illustrated in FIG. 2C, the distal tip section 15 manu-
factured in accordance with the present invention has a
C-shaped split ring electrode 22 mounted on the tubing 10
which has the lumen 12 and the opening 14 through which the
lead wire 16 passes from the lumen 12 to an outer surface of
the tubing around which a distal portion of the lead wire is
wrapped. The split ring electrode 22 and the lead wire 16 are
electrically connected by the thermal bonding adhesive film
28 between an outer surface of the tubing 10 and the ring
electrode 22 which is mounted on the tubing 10 covering the
wrapped lead wire 16. The electrical connection is advanta-
geously accomplished without resistance welding or laser
welding. Accordingly, manufacture of a distal tip section 15
under the present invention is less manual-labor intensive,
less time-consuming and less prone to electrical defects due
to improper workmanship methods. It is understood that the
present invention includes the use of a multi-lumened tubing
10' as shown in FIG. 2D, where the lead wires 16 extend
through a lumen 12' in communication with the openings 14.

Once the ring electrode 22 has been positioned directly
over the wrapped lead wire 16, the distal tip section 15 (and
any other portion of the catheter carrying split ring electrodes)
is placed in a die assembly 30, as shown in FIG. 5. Each of
movable upper and lower semi-circular shaped die half mem-
bers 32 has semi-cylindrical recessed form 34 which jointly
form a full cylindrical form with a diameter that defines the
desired outer diameter size for the distal tip section 15 (and
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any other portion of the catheter carrying split ring elec-
trodes). Each of the upper and lower die members 32 may be
heated so as to melt and reflow the thermal bonding adhesive
film 28 which allows the reflowed adhesive to bond with the
wrapped lead wire 16 and ring electrode 22 and tubing 10.
The die members 32 may be heated by any conventional
methods, e.g., it may be heated by an electric heating element.
Alternatively or in addition, hot air may be supplied by a tube
or pipe 36 as shown. As described above, the reflowed adhe-
sive also fills in microscopic surface conditions, adjusts for
any surface irregularities in the tubing 10 outside diameter,
fills in the exit hole 14 and seals proximal and distal circum-
ferential edges of the ring electrodes.

Accordingly, the reflowed adhesive forms electrically con-
ductive low-ohmic connection between the split ring elec-
trodes 22 and their respective lead wires 16. To that end, the
silver coating on the lead wires 16 greatly reduces the lead
wire resistance per linear unit length where both lead wires 16
and thermal bonding adhesive contain silver which has the
highest conductivity of any element, a flexible low ohm con-
nection is established without any mechanical stresses intro-
duced in the ring electrodes 22 or tubing 10. The split ring
electrodes 22 mounted in accordance with the present inven-
tion also has the benefit of reduced resistance between the
ring electrode 22 and connector pins (not shown) in a catheter
control handle 16 by about 50% compared to existing cath-
eters using MONEL lead wires. MONEL 400 wire at 0.003
inches in diameter has a resistance of 40 ohms per foot and
flash silver plated MONEL 400 at 0.002 inches in diameter
has a reduced resistance of 20 ohms per foot. Accordingly, the
present invention facilitates the manufacture of very eco-
nomical, high-density electrode catheters since all ring elec-
trodes can be located on the distal tip section and electrically
connected to lead wires in a single operation and MONEL
lead wires with flash silver coating can be made in smaller
diameters while decreasing the overall ring electrode to con-
nector pin resistance. The number of lead wires (e.g., from 1
to 50+) that be fed through a lumen can also be increased.

It is understood that the local area of the tubing 10 adjacent
the wrapped lead wires is heated while the distal tip section 15
is in the die assembly. Where the tubing is of polyurethane, a
temperature between about 110-125 C also softens material
of'tubing. This softening may help to embed the wrapped lead
wires into the outer surface of the tubing so as to allow the die
assembly to further minimize the outer diameter of the ring
electrode as mounted on the tubing over the wrapped lead
wires.

It is understood that, while heating to facilitate embedding
of the wire wraps is preferred, it is not necessary to practice
the invention. Moreover, when heating is used, any tempera-
ture that softens the plastic material of the shaft of the tip
section may be employed. Further, any technique or device
that allows heating, particularly localized heating, may be
used.

An alternative method of manufacture in accordance with
the present invention is illustrated in FIGS. 6-8. The tubing 10
is prepared with exit holes 14 and lead wires 16 wrapped
around the outer surface of the tubing, as described above.
The prepared tubing is then positioned under a dispensing
needle 40 dispensing the thermal bond adhesive 17 directly
on the outer surface of the tubing 10 and the wrapped lead
wires 16 as the tubing 10 is rotated axially as shown by the
arrow 45. The adhesive may be applied as a continuous line or
as individual beads 42. The dispenser needle 40 is heated,
e.g., by an electric heating element, to melt and reflow the
adhesive 17, or hot air may be provided via tube or pipe 36. A
split ring electrode 22 (with or without a thermal bond adhe-
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sive film) is then mounted on the tubing 10 to cover the
applied adhesive 42 and the wrapped lead wire 16 by means
of the die assembly 30.

The preceding description has been presented with refer-
ence to presently preferred embodiments of the invention.
Workers skilled in the art and technology to which this inven-
tion pertains will appreciate that alterations and changes in
the described structure may be practiced without meaning-
fully departing from the principal, spirit and scope of this
invention. For example, the advancing wire control mecha-
nism may be integrated anywhere along the control handle.
User interface may be modified to allow for a linear motion
deflection knob rather than the rotational knob mentioned
above. If bi-directional deflection is desired, a second puller
wire may be provided, as understood by one of ordinary skill
in the art. Moreover, the drawings are not necessarily to scale.

Accordingly, the foregoing description should not be read
as pertaining only to the precise structures described and
illustrated in the accompanying drawings, but rather should
be read consistent with and as support to the following claims
which are to have their fullest and fair scope.

What is claimed is:

1. A method for attaching a split ring electrode to a tubing
of a catheter, comprising:

providing a tubing with at least one lumen, a side wall and

at least one opening in the side wall providing commu-
nication between the at least one lumen and outside the
tubing;

passing an electrode lead wire through the at least one

lumen and out of the at least one opening to expose a
distal portion of the electrode lead wire;

positioning the distal portion of the electrode lead wire on

an outer surface of the tubing;

mounting a split ring electrode on the outer surface of the

tubing covering the opening and the distal portion of
electrode lead wire; and

providing a dry film of an electrically-conductive adhesive

between the ring electrode and the outer surface of the
tubing; and

heating the dry film of'the electrically-conductive adhesive

to reflow.

2. The method of claim 1, wherein providing the dry film of
the electrically-conductive adhesive includes applying a dry
film of the electrically-conductive adhesive on an inner sur-
face of the split ring electrode before mounting on the outer
surface of the tubing.

3. The method of claim 2, wherein the ring electrode com-
prises a platinum alloy.

4. The method of claim 3, wherein the platinum alloy
comprises platinum and at least one selected from the group
consisting of iridium, palladium and copper.

5. The method of claim 3, wherein the platinum alloy
comprises about 90% platinum.

6. The method of claim 1, wherein the at least one lead wire
comprises stainless steel, copper and/or nickel alloy.

7. The method of claim 1, wherein the at least one lead wire
comprises a coating of silver.

8. The method of claim 7, wherein the coating of silver has
a thickness ranging between about 20-30 microns.

9. The method of claim 1, wherein the lead wire has a
diameter ranging between about 0.002 inch and 0.005 inch.

10. The method of claim 1, wherein positioning the distal
portion of the electrode lead wire on an outer surface of the
tubing includes wrapping the distal portion around the outer
surface of the tubing.
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11. The method of claim 1, wherein the electrically-con-
ductive adhesive comprises an electrically-conductive phase
change thermal bonding adhesive.

12. The method of claim 1, wherein the split ring electrode
has a width ranging between about 1.0 and 3.0 mm.

13. The method of claim 1, wherein the split ring electrode
has a coating of gold or palladium.

14. The method of claim 13, wherein the coating on the
split ring electrode has a thickness ranging between about 10
and 40 microns.

15. The method of claim 1, wherein mounting the split ring
electrode on the outer surface of the tubing comprises radially
compressing the split ring electrode onto the outer surface of
the tubing.

16. The method of claim 1, wherein mounting the split ring
electrode on the outer surface of the tubing comprises radially
compressing the split ring electrode onto the outer surface of
the tubing and heating the electrically-conductive adhesive.

#* #* #* #* #*
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